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Acute myeloid leukemia (AML) is a malignant hematopoietic 
neoplasm characterized by arrest of myeloid differentiation, 
rapid growth and apoptotic repression of leukemic blasts 
that arise from the hematopoietic stem/progenitor cell 
(HSPC) population within the bone marrow (BM) (1). In 
the past three decades, great progress has been made in 
understanding AML pathogenesis and clinical treatment 
with allogeneic stem cell transplantation (2). However, the 
current AML therapeutic regimen only cures ~20% of the 
patients (3), highlighting the urgent necessity for discovery 
and development of innovative agents and novel therapeutic 
strategies to improve present situation of AML treatment.

Artesunate (ART), a semi-synthetic derivative of 
artemisinin, is one of the most commonly used anti-malarial 
drugs. Nowadays, ART has been reported to exert anti-
tumor potential by inducing cell apoptosis and inhibiting 
cell growth in many cancers (4). The anti-leukemic property 
of ART was also demonstrated in leukemia cell lines (5).  
However, the exact role and mechanism of ART in AML 
remain to be determined. Thus in this study, we used 50 μM 
ART to treat two myeloid leukemia cell lines, HL-60 and 
THP-1, for 48 hours. As one of the cytoskeletal actin, beta-
actin is involved in the cell motility, structure and integrity, 
whose immunofluorescence staining was performed here to 
evaluate the cell morphological changes. As shown in Figure 
1A,B, ART treatment resulted in more twisted and broken HL-
60 and THP-1 cells with fragmented nuclei (DAPI staining) 
compared to the untreated group, indicating the cytotoxic effect 
of ART on HL-60 and THP-1 leukemia cells. Next, we further 
investigate the influence of ART on leukemia cell proliferation 

using carboxyfluorescein diacetate succinimidyl ester (CFSE) 
cell division assay kit. CFSE is a fluorescent dye which can track 
the cell division. HL-60 and THP-1 cells were first labeled with 
CFSE using its work solution for 30 minutes according to the 
manufacturer’s instruction in a 37 ℃ incubator with 5% CO2, 
then rinsed twice with PBS, followed by culture in medium 
with and without 50 μM ART for 48 hours. Next, the cells 
were collected for flow cytometric analysis. The peak in the 
flow chart gradually shifts to the left with the cells dividing. As 
shown in Figure 1C,D, the division of HL-60 and THP-1 cells 
was remarkably inhibited by 50 μM ART treatment with the 
peak in the right of that representing CFSE-labeled but ART-
untreated cells. To reveal the molecular mechanism underlying 
the cytotoxic effect of ART on myeloid leukemia cells, HL-60 
and THP-1 cells were cultured in medium with and without 25 
and 50 μM ART for 48 hours. Then the cells were collected for 
RNA extraction and the mRNA expression of cell apoptosis- 
and proliferation-associated genes (Bcl2, Mcl1, c-Myc, CDK6 
and CCND2) were detected. The results showed that the anti-
apoptotic gene Bcl2 and cell cycle associated gene CCND2 
exhibited decreased expression in both HL-60 and THP-1 cells 
in ART-dose-dependent manner (Figure 1E,F,G,H), but the 
same results were not observed for Mcl1, c-Myc and CDK6. 
The down-regulation of Bcl2 and CCND2 to some extent 
accounted for the cytotoxic effect and division inhibition of ART 
on leukemia cells. On the other hand, we verified that ART has 
little influence on myeloid differentiation of THP-1 and HL-60 
cells induced by phorbol 12-myristate 13-acetate (PMA) and all-
trans retinoic acid (ATRA) respectively in vitro (data not shown).

MicroRNAs (miRNAs) are a class of 21–23 nt small 
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Figure 1 Cytotoxic effect of artesunate on HL-60 and THP-1 leukemia cells. (A,B) HL-60 (A) and THP-1 (B) leukemia cells were cultured 
with and without 50 μM ART for 48 hours. Then the cells were collected for beta-actin immunofluorescence staining and the pictures were 
captured using ZEISS LSM 800 confocal microscope under 20× and 40× objective magnification. (C,D) HL-60 (C) and THP-1 (D) cells 
were pre-labeled with CFSE according to the manufacturer’s instruction, followed by culture in medium with and without 50 μM ART for 
48 hours. Then the cells were collected for flow cytometric analysis. (E,F,G,H,I,J) HL-60 and THP-1 cells were cultured with and without 
25μM and 50 μM ART for 48 hours. (E,F) Bcl2 mRNA expression was detected using qRT-PCR in ART-treated HL-60 (E) and THP-1 (F) 
cells. GAPDH was used as a loading control. (G,H) CCND2 mRNA expression was detected using qRT-PCR in ART-treated HL-60 (G) 
and THP-1 (H) cells. GAPDH was used as a loading control. (I,J) MiR-29c expression was detected using qRT-PCR in ART-treated HL-60 
(I) and THP-1 (J) cells. U6 snRNA was used as a loading control. ART, artesunate; CFSE, carboxyfluorescein diacetate succinimidyl ester.
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non-coding RNAs and can post-transcriptionally regulate 
gene expression by binding to the 3'-untranslated region 
(3'-UTR) of target mRNAs through their seed sequences , 
which have been identified as crucial regulators in normal 
and malignant biological processes (6). To investigate 
whether miRNAs mediate the cytotoxic effect of ART on 
leukemia cells, we screened a series of miRNAs and detected 
their expression in ART-treated HL-60 and THP-1 cells. 
MiR-29c was found to exhibit increased expression in ART-
dose-dependent manner (Figure 1I,J). MiR-29c is one of the 
miR-29 family members that have been intensively studied 
and function as classical tumor suppressors in mantle cell 
lymphoma, gastric cancer and leukemia (7) via promoting 
cell apoptosis and repressing cell proliferation. Besides, the 
up-regulation of miR-29c resulted from ART treatment 
also explained the decreased expression of CCND2 which 
has been validated as a down-stream target of miR-29c (8).

In summary, our results demonstrated that ART exhibited 
obvious cytotoxic effect on HL-60 and THP-1 myeloid 
leukemia cell lines, which was presented as broken cell 
morphology and repressed cell division. Preliminary mechanistic 
analysis revealed that ART may exert its anti-leukemic property 
by increasing miR-29c expression. Though it still remains 
further elucidated about the cytotoxic effect of ART on primary 
AML cells, whether miR-29c mediates the cytotoxic effect of 
ART by targeting Bcl2 and CCND2 expression in leukemia cells 
and the molecular mechanism of increased miR-29c expression 
elicited by ART administration, our finding may provide a 
novel promising therapeutic strategy for AML using combined 
treatment of ART plus other agents or miR-29c manipulation.
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